ABSTRACT OBJECTIVE: To reveal the overall situation of research on Ebola virus via visual knowledge mapping analyses of the literatures regarding Ebola virus all around the world, e.g., literature metrology and topic evolvement. METHODS: On the basis of the database Web of Knowledge (SCI), a knowledge graph was built by comprehensively utilizing software such as BIBEXCEL, GEPHI, VOSVIEWER, and HistCite. RESULTS: According to the results of literature analysis, publications on Ebola virus boomed in 2014, and the research focus transferred gradually from basic research (viral glycoprotein) in 1999 to the prevention and treatment research (vaccine). The United States are in a dominant position in the fi eld of Ebola virus research, wherein the US army (United States Army Medical Research Institute of Infectious Diseases) has the strongest research capacity. DISCUSSION: Ebola virus is an important potential biological warfare agent, and some researches may not be published in the form of literature. So the result of literature metrology can only partially refl ect the situation of Ebola virus research. In addition, close attention should be paid to the biosafety risk of Ebola research (Tab. 5, Fig. 5, Ref. 14). Text in PDF www.elis.sk.
Introduction
The outbreak of the Ebola hemorrhagic fever (EHF) in February 2014 in West Africa is the worst Ebola epidemic in the history, and is one of the most serious public health crises which the mankind has ever encountered in the 21st century. EHF is an acute hemorrhagic disease caused by Ebola virus (EBOV), and it is classifi ed as one of the most dangerous viruses by WHO as there are still no effective antiviral drugs and vaccines for EBOV9 (1) . In this research, the Web of Knowledge (SCI) of Institute for Scientifi c Information of USA is used as the source of core data, with which the global research status and tendency of the Ebola virus are analyzed in order to provide data support and research ideas for the researchers who are occupied in the research of Ebola virus (2).
Research method and data sources
On December 16th, 2014, based on the platform of Web of knowledge (SCI) of Institute for Scientifi c Information of the USA, the keyword "ebola" was searched in the time range of 1986-2014, and 1335 related articles are retrieved. The full records including the references were downloaded and analyzed with the BIBEX-CEL software. The knowledge graph was built with the software GEPHI, VOSVIEWER and HistCite to show the main research institutes, authors and hotspots in the research fi eld of Ebola virus in the world (3).
Research results

Overall situation of Ebola virus research
From 1995 to 2013, the quantity of worldwide literatures regarding Ebola virus is relatively stable and small (Fig. 1) . The rising and falling on the curve of literature quantity is basically consistent with the curve of outbreak time of Ebola epidemics within the recent 20 years. In 2014, the quantity of the published articles increased sharply to 353, which is in close relation to the outbreak of the largest and the most serious Ebola epidemic. The total citation frequency of the 1335 articles is 29440, the selfcitation frequency within this fi eld is 10919, the average citation frequency of each article is 22.02, and the h-index of this fi eld is 88. The self-citation rate within the fi eld is 0.37 (relatively low), which means that the development of the fi eld is relatively mature, and there is a certain degree of intersection with other fi elds.
Distribution of Country and Region Involving Ebola Virus Research
The regions where a larger number of articles on Ebola virus are published is concentrated in the USA and Europe, and the USA is the global leader of this research fi eld. In terms of the number of the published articles, the USA is at the top with the quantity of 665, accounting for half of the total quantity of the published articles in the fi eld worldwide. In terms of the quality, the average citation frequency of articles published in the USA is 33.95 and the h-index is 80, which are apparently higher than those of other countries. Moreover, Canada, Germany, France, Japan, the UK, Russia, Gabon, Belgium and Switzerland also have published a large quantity of articles regarding Ebola virus (Tab. 1).
Comparison of the strength of Ebola virus research institutions
Judging from the quantity and quality of the published articles, the US Army Medical Research Institute of Infectious Diseases (USAMRIID) is a giant in the fi eld of Ebola virus research. This institute has published 165 articles in total in this fi eld, with the average citation frequency of 48. ber 10, but its average citation frequency of the published article (54.73) is the highest. The reason may be that the research center received the Ebola patients directly during many outbreaks and can separate fi rstly the pathogenic viral strain. Most of these articles are published by cooperating with the research institutions of other countries including the USA, France, the UK, Germany, Switzerland, Thailand and South Africa (Fig. 2) .
Distribution of core authors engaged in the research of Ebola virus
After data cleaning, the top 10 scientists (corresponding author) who published the largest number of articles in the fi eld of Ebola virus research are ranked, wherein 9 scientists are employed in the institutions of the USA, including NIAID (under NIH), University of Texas, Centers for Disease Control and Prevention, University of Wisconsin and the USAMRIID. Only 1 scientist is employed in University of Marburg, Germany (Tab. 3). By analysing the global coauthoring network of Ebola virus research, it was found that among the top 10 corresponding authors, 6 are in the core of the coauthoring network and are active scientists participating in much cooperation and with higher infl uence. Feldmann is an expert in the management of high level (BSL-4) laboratory and a consultant of the WHO on the viral hemorrhagic fever and related pathogens. He is mainly engaged in the pathogenic mechanism, animal model, diagnosis, medicine and vaccine research of hemorrhagic fever (4).
Geisbert TW from the University of Texas in USA ranks No. 2 in the quantity of the published articles, and the total citation frequency and the h-index of his articles both ranks the fi rst in the world. Geisbert graduated from the West Maryland College (now McDaniel College), and obtained a doctorate from the Uniformed Services University of the Health Sciences. Now Geisbert is a professor of the Department of Microbiology and Immunology, University of Texas, and his main research direction is to develop the Ebola vaccine by utilizing the recombinant vesicular stomatitis virus as the vaccine vector (5). The research projects that he is carrying out are as follows: modifying the vesicular stomatitis virus vector to improve its security and immunogenicity; identifying the antigen needed for the preparation of polyvalent vaccine; determining the roles of the cell and host immune response in the immune protection (6) .
Ranked No. 6, Kawaoka Y (Yoshihiro Kawaoka) receives much attention for the successful synthesis of Ebola virus and the attenuated Ebola virus. Yoshihiro Kawaoka, a Japanese American, is a virology professor at the University of Wisconsin-Madison. He once worked in the Institute of Medicine, University of Tokyo, and learned from Professor Robert (a globally recognized author- ity in the avian infl uenza research) of St. Jude Children's Research Hospital in the USA. Using the technology of synthesis of infl uenza virus, Yoshihiro Kawaoka and his team transferred the genes with which the Ebola virus produces RNA and protein into the cells for test, and then the artifi cial viruses could be formed on the cell surface. The appearance and structure of this artifi cial Ebola virus was quite similar to the natural Ebola virus, but its virulence was much weaker. So it can be used to study the interference and virulence mechanisms of Ebola virus or to develop the Ebola vaccine (7). His research articles are valuable for either controlling biological risk or developing vaccine (Fig. 3) .
Analysis of the highly cited articles on Ebola virus research
The academic infl uence of articles can be refl ected by the citation frequency. The more frequently an article is cited, the greater the infl uence of this article in the related fi eld is. Most of such articles reveal a great discovery or provide important experimental data in some research fi eld. Table 4 shows the 10 articles on Ebola virus research included in SCI which are cited most frequently, wherein 8 articles come from the USA, and 2 come from Gabon and Spain, respectively. All these 10 highly cited articles are completed cooperatively by two or more institutions.
In terms of the research content, 7 of the 10 highly cited articles mainly involve the structure and nosogenesis of the Ebola virus, 2 involve the animal experiment for Ebola vaccine, and 1 involves the host of Ebola virus. Among them, the article cited most frequently was published in 2001, which has been cited for 434 times in total, with the annual average citation frequency of 31. This article focused on the function of small molecule peptides encoded by the Ebola virus in accelerating the transfer of the virus, which was published collaboratively by Aaron Diamond AIDS Research Center and Rockefeller University (8) . The article with the second highest citation frequency was published in 2000, which has been cited for 378 times in total, with the annual average citation frequency of 25.2. This article studied the effect of Ebola vaccine on the primates via experiments and was published collaboratively by NIH and Centers for Disease Control and Prevention (9) (Tab. 4).
Analysis of the hotspots and the topic evolvement in the fi eld of Ebola virus research
Hotspot analysis Cluster analysis is performed on the main keywords in the fi eld of Ebola virus research (Fig. 4) . It is indicated that the current researche of Ebola virus mainly focuses on coat glycoprotein, monoclonal antibody, retrovirus, DNA vaccine, fusion protein, matrix protein vp40, matrix protein vp35, phosphoprotein, nucleoprotein, nucleocapsid protein and crystal structure of the Ebola virus. In addition, a few articles discuss the risk brought by Ebola virus as a biological weapon and its threat to organisms (Fig. 4) .
Analysis of topic evolvement
The milestone articles (the bigger circle indicates a higher citation frequency) in the fi eld of Ebola virus research are summarized, and the hotspot evolvement process in the fi eld from 1995 to 2014 is analyzed through the sequence diagram of highly cited articles (Fig. 5) (the relevant articles published before 1995 are not included in the SCI database). It can be seen from the diagram that the Ebola virus research is divided into two phases.
Phase 1: basic research phase (1995-1998). The fi rst highly cited article published in 1995 is an experimental study regarding the isolation and identifi cation of new Ebola virus strains. From 1995 to 1998, the highly cited articles in the fi eld of the Ebola virus research mainly focused on the viral glycoprotein, including the studies of mRNA, encoding and function of glycoprotein, and the mechanism of action of secreted glycoprotein and transmembrane glycoprotein in cells. In addition, along with the heated debate on the possibility of airborne transmission of the Ebola virus in the scientifi c community, the research articles on this topic published in this period also become highly cited articles.
It should be noted that the US Army Medical Research Institute of Infectious Diseases (USAMRIID) started the research on the airborne transmission of Ebola virus in 1992, and they believed that the Ebola virus can spread through the air among the non-human primates (including Macaca mulatta, Cercopithecus aethiops and Macaca fascicularis) (10, 11) . The articles from the University of Manitoba, Canada, show a similar research result (12) . Although the conclusions above goe against the current mainstream view that Ebola virus cannot spread through the air and needs further research to verify, it is still worth special attention. Phase II, a transition phase from basic research to prevention and treatment research (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . Since 1999, the highly cited articles involve the humoral immune response and the intravascular cell apoptosis related to Ebola virus infection. From 2000 to 2008, the themes of the highly cited articles began to concentrate on testing method of Ebola virus and animal experiment of Ebola vaccine. Meanwhile, from 1999 to 2011, the structure and function of the glycoproteins of Ebola virus (e.g., vp35 and VP40) is still the research hotspot.
Distribution of the articles of Ebola virus research in major journals
By analyzing the major journals which publish the articles regarding Ebola virus research, it is found that the Journal of Viro- logy ranks the fi rst in the quantity of articles in this fi eld, followed by Journal of Infectious Disease and British Medical Journal. In terms of the journal's impact factor, Nature ranks the fi rst among the top 10 journals with the largest quantity of relevant articles. Among the top 10 journals, 6 are published in the USA, 3 in the UK, and 1 in Netherlands (Tab. 5).
Subsidization for Ebola virus research
Through analysing the major funding situation of the Ebola virus research worldwide, the projects subsidized by the NIH of the USA publish the largest number of articles. The other major funding agencies include the Defense Threat Reduction Agency of the USA, Canadian Institutes of Health Research, Public Health Agency of Canada, German Research Foundation, French National Research Agency, French Foundation for Medical Research, Japan Society for the Promotion of Science, German Schering Foundation and Boston University of the USA (Fig. 5 ).
Conclusion and discussion
Having an objective view on the results of literature analysis of the Ebola virus research
Literature metrology and visualization analysis can assess the current situation and trend of Ebola virus research from the view of literature, and intuitively refl ect the national or regional distribution, core research institutions, important experts and research hotspots in this fi eld (13) . Considering that the Ebola virus is an important biological warfare agent, some researches may not be published to the public. So this study can only refl ect the basic information of the research in this fi eld. The conclusions are made based on the literature analysis, and can serve as a component of the overall situation of the Ebola virus research (14) .
Paying close attention to the biosafety risk of Ebola virus research
Through the analysis on the hotspots of the Ebola virus research, it can be found that the potential biosafety risk of the Ebola virus research has been discussed by many scientists, and scientists from various countries have to be vigilant to this issue when carrying out such research. Therefore, it is necessary for us to follow closely the key research institutions abroad and the research trends of the scientists, and carry out the dual-purpose risk assessment timely so as to get ready for response to terrorist activities. Meanwhile, appropriate laboratory biosafety standards and code of conduct should be established based on the potential risk of the research performed in order to prevent the accidents threatening the biosafety. 
